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As received slurry samples were diluted and submitted to SRNL-Analytical for TIC and TOC analyses.
Settled solids yield stress (also known as settled shear strength) of the as received settled sludge samples were determined using the vane method and these measurements were obtained 24 hours after the samples were allowed to settled undisturbed.
Rheological or flow properties (Bingham Plastic viscosity and Bingham Plastic yield stress) were determined from flow curves of the homogenized or well mixed samples. Other targeted total suspended solids (TSS) concentrations samples were also analyzed for flow properties and these samples were obtained by diluting the as-received sample with de-ionized (DI) water.
Experimental

TIC/TOC Measurements
Total inorganic carbon (TIC) and total organic carbon (TOC) samples were prepared for analysis by diluting sub-samples of the as-received samples by 20x using DI water. Dilutions were performed in duplicate.
Settled Solids Yield Stress
As received slurry samples were mixed by shaking the sample bottles. The slurries were then poured into separate containers and allowed to settle overnight prior to performing the vane measurement.
Vanes have been used to measure the yield stress of non-Newtonian fluids as shown in Figure 2 -1. 1, 2, 3, 4, 5, 6, 7 The vane is inserted into the fluid and is rotated at a very slow speed, unlike in flow curve measurement (see section 2.3). The surface area that the vane cuts through the sample is used to determine the shear stress. This surface area is that of a cylinder, which are defined by the diameter and height of the vane. It has been shown that this is a good assumption for determining the yield stress of the fluid using the vane.
6, 7 Equation [2-1] is used to determine the SSYS and it assumes the stress is constant on all surfaces and the sample satisfies all the dimensional requirements shown in Figure 2 -1 for subsurface vane measurements. Due to the sample volume available for this measurement, the vane was inserted into the sample such that the top of the vane is located near the top of the sample surface with all the other geometric requirements satisfied. In this case, an additional assumption is made such that the top surface of the vane (circle) experiences no stress from the fluid, whereas all the other surfaces experience the same shear stress. This requires equation [2-1] to be slightly modified to exclude shear stress contribution from the top surface, resulting in equation . 
Vane Requirements and Actual Vane
A typical stress versus time (or displacement) curve for a vane measurement is shown in Figure 2 -2. The initial vane response for a non-Newtonian fluid having a yield stress is typically linear with a slope that is called the Hookean elastic modulus (G). The point of departure from this linear region, called the static yield stress, 1 occurs when the fluid starts to transition from a fully elastic to viscoelastic behavior. At the maximum stress, the behavior of the material transitions between viscoelastic and fully viscous and is called the yield stress (also known as the dynamic yield stress). This maximum shear stress is the reported SSYS. The vane rotational speed for measuring the SSYS used at SRNL is 0.3 RPM. This rotational speed was attempted for these ORNL samples, but the resulting vane response could not be analyzed due to the erratic responses. The reason for these erratic responses could be due to the ability of this specific instrument to control this targeted rotational speed. The vane rotational speed was then increased to 0.6 RPM, a rotational speed that is still acceptable for vane measurements. Increasing the rotational speed could result in a higher shear stress curve. .
Flow Curves Measurements
The rheological properties of the as received samples and samples diluted with DI water to target wt% TSS were calculated from flow curve measurements. Because of limited sample volume of the as-received ORNL samples, the diluted wt% TSS were calculated rather than being measured. The wt% TSS of the original ORNL samples were provided by ORNL. The wt% TSS of the diluted samples was calculated using equation [2] [3] [4] from subsamples taken from the original ORNL samples.
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Rheological properties were determined using a Haake M5/RV30 rotoviscometer. The M5/RV30 is a Searle sensor system, where the bob (cylindrical in shape) rotates on a central shaft, and the Stress time τ max G cup is fixed, with the fluid between the two surfaces. The torque and rotational speed of the bob are measured. Heating/cooling of the cup/sample/bob is through the holder for the cup. The shear stress is determined from the torque measurement and is independent of the rheological properties. Conditions that impact the measured torque are; slip (material does not properly adhere to the rotor or cup), phase separation (buildup of liquid layer on rotor), sedimentation (particles settling out of the shearing zone), homogeneous sample (void of air), lack of sample (gap not filled), excess sample (primarily impacts rheologically thin fluids), completely filling up the void below the bob (air buffer that is now filled with fluid) and Taylor vortices. The first five items yield lower stresses and the last three add additional stresses. Particles larger than or near the size of the gap between the bob and cup can impact the measurement by generating stress spikes in the flow curve and these spikes have to be removed to analyze the flow curve. These larger particles are typically very low in concentration and their impact is typically observed during the initial ramping in the up curve measurement. The shear rate is geometrically determined using the equations of change (continuity and motion) and is that for a Newtonian fluid. This assumption also assumes that the flow field is fully developed and the flow is laminar. The shear rate can be calculated for non-Newtonian fluids using the measured data and fitting this data to the rheological model or corrected as recommended by Darby 8 . In either case, for shear thinning non-Newtonian fluids typical of sludge wastes, the corrected shear rates are greater than their corresponding Newtonian shear rates, resulting in a mathematically thinner fluid. Correcting the flow curves will not be performed in this task, resulting in calculations giving a slightly more viscous fluid. The bob/cup combination typically used for measuring sludge at SRNL is the MV I rotor. The shape, dimensions, and geometric constants for the MV I rotor are provided in Table 2 -1.
The flow curves for the sludge were fitted to the down curves from 600 sec -1 to 50 sec -1 using the Bingham Plastic rheological model, Equation [2] [3] [4] [5] , where  is the measured stress (Pa),  o is the Bingham Plastic yield stress (Pa),   is the plastic viscosity (Pasec), and  is the measured shear rate (sec -1 ). Either the up or down curve from the flow curve measurement can be analyzed. For cases where the fluids show thixotropic properties, e.g., the down curve is below the up curve, the down curve is typically analyzed and reported. The down curve is also more representative of processes such as continuously mixed vessels. These samples also contained larger particulates (close to the gap size between the bob-cup) which generate spikes (due to jamming of the particles between the bob/cup) and removal of these spike responses were necessary in some of the samples to allow for assessing the data. During all these measurements, the sample remained in the cup for a second or third measurement, due to the limited sample availability and the flow curve for these subsequent measurements were manually corrected for a yield stress off set that is inherit to the instrument and dependent on the sample.
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Results and Discussion
TIC and TOC results are presented in Table 3 -1. The results have been corrected for dilution, and results for both replicates, along with the average, are provided. Yield stress from the vane measurements of the settled samples after 24 hours of settling are provided in Table 3 Rheological results (Bingham Plastic yield stress and plastic viscosity) from the flow curves are presented in Table 3 As can be seen in many of these flow curves, there are spikes in the sheer stress, especially on the up curves, as well in some of the down curves, indicating large particle interactions between the bob and cup. * Note that the yield stress was set to zero for these measurements and the slope of the line was reported as the viscosity. This is a zero off-set issue related to the instrument and fluids cannot have negative yield stresses.
The Bingham Plastic yield stress and plastic viscosity versus the wt% TSS for the bolded items in Table 3 
Conclusion
The TIC/TOC results are consistent between ORNL-25/28/30 samples. The ORNL-24 sample has a higher TIC/TOC as compared to the other ORNL samples.
The following rheological conclusions for the ORNL-24/25/28/30 sludge samples are: 1. Visually, all the ORNL samples seem to have cohesive properties. 2. All the ORNL samples seem to contain large particles that impact the flow curve measurements. Shear stress spikes, occurring in both the up and down flow curves is typical due to particles close to the gap distance (960 mircons) in at least one of the particle's dimension. The particles temporarily jam and release the rotor, causing these spikes. These large particles seem to have little impact on the overall rheological measurements. The shear stress spikes must be removed for curve fitting analysis of the data. 
